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ABSTRACT
MEASURING TUTORING EFFECTIVENESS 
BY PROGRAM DELIVERY MODEL- 
SMALL GROUP TUTORING COMPARED TO TUTORING IN LABS 
IN MATHEMATICS, ACCOUNTING, AND PHYSICS
by
Mary Allison Quinn
This study examines the effectiveness of two common tutoring program delivery 
models by analyzing tutored and nontutored students’ grades and semester 
grade point averages in three subject areas. The effects of gender, age (if 25 
years or older), course, duration of tutoring, tutoring contacts, and contacts per 
week are also measured.
The approach to the ex post facto study is quantitative and utilizes data from the 
Student Information System at Appalachian State University and from tutoring 
contact sheets. Areas of data presentation include analysis of covariance 
results for experimental group, gender, age (if 25 years or older), and course; 
and correlational results for duration of tutoring, tutoring contacts, and contacts 
per week.
Statistical results from this research rejected 10 of the 72 null hypotheses at the 
E < .05 level, and four of the rejected hypotheses were directily linked to the 
effect of experimental group. Findings showed that students who received 
tutoring in labs in mathematics and accounting had the highest semester grade 
point averages, and females earned higher course grades in mathematics and 
accounting, regardless of whether they were tutored or not. Results also showed 
that students 25 years or older who were enrolled in a physics course earned 
higher semester grade point averages as compared to younger students, 
regardless of whether they were tutored or not. Conclusions of this study 
emphasize the need for additional research with more students in the subject 
area of physics and for qualitative approaches to answer the questions of why 
specific variables were significant. Results and conclusions have applicability for 
tutoring program administrators in other settings.
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1CHAPTER 1 
Introduction
Academic tutoring is a frequently provided support service for under- 
prepared or at-risk college students that impacts tens of thousands of college 
students each year (MacDonald, 1991 b). Approximately three fourths of the 
learning assistance programs and developmental education programs in the 
United States offer tutorial services employing approximately 55,000 tutors 
(Boylan, Bonham, & Bliss, 1994b). "Although tutoring is often touted by [various 
stakeholders] as an important intervention for at-risk as well as established 
students, the irony is that our lack of knowledge about tutoring undercuts our 
ability to deliver it effectively” (MacDonald, 1991b, p. 1). MacDonald appealed 
to practitioners to conduct systematic research and to evaluate tutoring 
effectiveness, thus identifying the most beneficial tutoring processes and 
variables.
According to MacDonald (1991b), practitioners should convince 
administrators of the benefits of tutoring and educate policy makers about what 
tutoring is and of the optimum conditions which impact tutoring effectiveness. 
MacDonald (1991b) also stated that practitioners must convince budgetmakers 
that "tutoring research has a base, that tutoring benefits are documented but still 
not completely understood, and th a t... worthy, thoughtful projects will enhance
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2the educational experiences and accomplishments of our nation’s students-all 
of our students" (p.1).
Collegiate tutoring programs have different philosophies, purposes, and 
structures (Maxwell, 1990). Even though there is no “typical” program structure, 
several common program delivery models can be identified. These include 
small group tutoring, tutoring in labs, and Supplemental Instruction. 
Supplemental Instruction, an alternative to tutoring, is evaluated by the 
comparison of grades of participants and nonparticipants. Studies have shown 
that participants earn approximately one half of a course grade higher than 
nonparticipants (Blanc, DeBuhr, & Martin, 1983; Maxwell, 1990). Supplemental 
Instruction has been shown to improve the grades of participants, but other 
tutoring program delivery models have no such research or common evaluation 
methods. Additional research and common evaluation models would make it 
possible to accumulate and compare data nationwide between programs and 
program delivery models.
Statement of the Problem
There is a need for additional evaluation and more data related to tutoring 
effectiveness and grade improvement. Boylan, Bonham, and Bliss (1994a) 
report that 73% of all higher education institutions offer tutoring programs, but 
only 39% conduct formal evaluations. Few studies have been completed that 
measure college tutoring and its effect on grades and grade point averages. A
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3small number of studies have shown that under specific conditions, tutoring 
improves the course grades of students with higher ability or with more 
experience in college (Maxwell, 1990). There are also mixed findings about 
whether tutoring increases tutees’ grade point averages (Maxwell, 1990). No 
studies have been located that compare the effectiveness of tutoring in labs with 
small group tutoring. A program delivery model evaluation method based on 
grade improvement should be developed and tested to provide a model for 
future inquiry and data to contribute to what is known about the relative 
effectiveness of tutoring.
Purpose of the Study 
This study measured the effectiveness of group tutoring as compared to 
tutoring in labs in physics, mathematics, and accounting. The three identified 
subject areas were chosen for three reasons: small group tutoring and labs have 
been operating for the three subject areas for two years, large numbers of 
students have received tutoring in these areas, and the subject areas all have a 
common base of mathematics knowledge. Three groups of students were 
identified: students who received group tutoring, students who received tutoring 
in labs, and students who did not request any tutoring services. This model 
could be used in other programs to measure tutoring effectiveness. The 
purpose of this research was to not only make a contribution to the existing 
literature about tutoring effectiveness, but to provide practical data and models
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4for research needed for tutoring coordinators and administrators as they make 
program delivery model decisions.
Research Questions 
This research addressed the following questions:
1. Do students who receive small group tutoring and/or tutoring in labs for 
mathematics, physics, or accounting make significantly better grades in the 
course than students who are not tutored?
2. Is there a significant difference between the course grades of students 
who are tutored in labs and/or in small groups for mathematics, physics, or 
accounting?
3. What relationship exists between tutoring and/or number of tutoring 
sessions and students’ grades in mathematics, physics, or accounting?
4. Do students who receive small group tutoring and/or tutoring in labs for 
mathematics, physics, or accounting have significantly higher grade point 
averages than students who are not tutored?
5. Is there a significant difference between the grade point averages of 
students who are tutored in labs and/or in small groups for mathematics, 
physics, or accounting?
6. What relationship exists between tutoring and/or number of tutoring 
sessions and students’ grade point averages in mathematics, physics, and/or 
accounting?
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
57. Is gender a significant factor in predicting course grades for students in 
mathematics, physics, or accounting?
8. Are the course grades of adult students (25 years and older) 
significantly different from those of younger students in mathematics, physics, or 
accounting?
9. Do students earn higher grades or semester grade point averages if 
enrolled in different courses in mathematics, physics, or accounting?
Significance of the Problem
Several trends in higher education impact the significance of this study. 
Most colleges and universities were hurt financially by government cutbacks in 
the early 1990s. According to Wheeler and Birtle (1993), higher education 
institutions reacted by increasing student enrollment and increasing class size. 
Professors, faced with larger classes, made the lecture the principal format for 
teaching (Wheeler & Birtle, 1993). Financial cutbacks not only increased 
workloads but increased the need for additional accountability at all levels 
(Wheeler & Birtle, 1993).
Martha Maxwell and Hunter Boylan, leaders in developmental education 
programming, stressed the need for more data regarding tutoring effectiveness 
and program delivery models. In a review of tutoring literature, Maxwell (1990, 
p.4) stated that "researchers should reexamine the basic questions of whether, 
and under what conditions, and to what extent, individual tutoring can help
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6underprepared students...and if another method of using peers in course-related 
services, such as Supplemental Instruction, is more effective than tutoring to 
improve the skills associated with achievement.” Following a national study of 
developmental educational programs, Boylan et al. (1994b) identified areas of 
further research for tutoring, and one of these areas addressed the need for 
evaluating the relative effectiveness of various methods of tutorial delivery.
Limitations
The information gathered in this study was limited to results from 
Appalachian State University Tutorial Services Program. Appalachian State 
University is a comprehensive, mid-sized, primarily residential university located 
in the rural mountains of northwest North Carolina. The University Tutorial 
Services program at Appalachian State University offered free tutoring to all 
students at the university through small group tutoring, tutoring in labs, or 
Supplemental Instruction. The specific characteristics of Appalachian State 
University, Appalachian State University students, or the University Tutorial 
Services limited the generalizabiIity of results of this research.
Another limitation of this study was the self-selection of the experimental 
group. Students voluntarily attended tutoring sessions and could determine the 
number of sessions they would attend weekly. Tinto (1975), Weiner (1985), and 
Wambach (1993) found a positive correlation between student motivation and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7academic success in college. This study did not provide any controls for the 
influence of motivation as a factor on the achievement of students.
Another factor that may have impacted the performance of tutees was the 
individual tutoring style and skills of the tutor. Efforts were made to reduce this 
limitation by requiring all tutors to participate in 15 hours of tutor training that 
emphasized tutoring skills, communication skills, and study skills. This factor 
would not be relevant to tutees who received tutoring in labs because they could 
work with several different tutors during each session. This factor could have a 
greater impact on the performance of tutees who received small group tutoring 
because tutees usually worked with the same tutor for the whole semester.
Definitions
The following definitions are specific to this study:
Tutor - peer who provides individualized instruction.
Tutee - student who receives individualized instruction.
Group tutoring - individualized instruction in a small group with other 
students from the same course. Group tutoring was scheduled on an 
appointment basis for a maximum of two, one-hour sessions a week. Tutees 
usually worked with the same tutor each week. The tutor’s role was to answer 
questions, solve problems, explain concepts, and provide information regarding 
study skills specific to the class.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
8Tutoring in labs - individualized instruction provided on a walk-in basis, as 
often as needed during the open hours. The tutor’s role was to answer questions 
and solve problems.
Overview of the Study 
The literature review in Chapter 2 provided information regarding the 
history and theories that relate to tutoring. A rationale for tutoring was 
discussed. Factors that affect tutoring outcomes and different evaluation models 
were presented. Finally, a justification for the need for additional data was 
given.
The research methodology was presented in Chapter 3. This 
methodology included the gathering of information for the Fall 1994 and Spring 
1995 semesters which included students’ predicted grade point average, SAT 
math score, grade point average at the end of the semester that the student 
received tutoring, course grades, number of tutoring contacts, duration of 
tutoring, type of tutorial delivery model, the subjects in which the student was 
tutored, and number of students receiving tutoring. Analyses of covariance were 
used to answer research questions 1,2, 4, 5, 7, 8, and 9. The covariate used for 
research questions 1 and 2 was SAT math score, and the covariate used for 
questions 4 and 5 was predicted grade point average. Correlational data were 
compiled to answer questions 3 and 6.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
9Chapter 4 included a data analysis and interpretation, and Chapter 5 
provided conclusions and recommendations.
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CHAPTER 2 
Review of Literature
Tutoring is a widely used instructional method that has the potential to 
meet the academic and social needs of today’s college students (Fantuzzo, 
Riggio, Connelly, & Dimeff, 1989; MacDonald, 1993). Formal tutoring programs 
and services are available at most colleges in the United States, and most of 
these programs employ peer tutors (Boylan, Bonham, & Bliss, 1994b). Even 
though tutoring programs are readily available and tutoring as an academic 
strategy is widely accepted, there is a need for research regarding the 
effectiveness of tutoring (MacDonald, 1991b; Maxwell, 1990).
Definitions. Purposes, and Roles 
Tutoring, defined as individualized instruction, can occur in a one-to-one 
relationship or in small groups. According to Ellson (1976), there is no 
contradiction in the term "group tutoring.” A tutor can work with a group and still 
help each member individually on a time-sharing basis. Medway (1985) 
identified three basic types of college tutoring: course tutoring, emergency 
tutoring, and structured tutoring. In course tutoring, the tutor provides the tutee 
with additional support and explanation of material that is covered by the 
professor. Two types of program delivery models for course tutoring are Keller’s 
(1968) Personalized System of Instruction (PSI) and University of Missouri-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Kansas City’s Supplemental Instruction (SI) which started in 1974 (“Historical 
Development," 1992). Emergency tutoring occurs when a student needs 
immediate help to complete an assignment, prepare for an upcoming exam, or to 
solve a personal crisis. Structured tutoring occurs when a tutor uses 
programmed learning materials.
The purpose and types of tutoring offered will vary according to the goals 
of the program. College tutoring programs are diverse; varying in purpose and 
structure (Maxwell, 1990). Cohen (1986) defined the accepted goal of tutoring 
as academic gain for the learners. Hartman (1990) stated that tutoring should 
also develop self-directed or independent learners. Six goals of tutoring as 
delineated by MacDonald (1994) are promoting independence in learning, 
personalizing instruction, facilitating tutee insights into learning and learning 
processes, providing a student perspective on learning and school success, 
respecting individual differences, and following a job description. Based on 
these definitions, tutors should strive to work themselves out of a job, “to teach 
their tutees in ways that will empower them to essentially become their own 
tutors” (Hartman, 1990, p. 3). In this capacity, the role of the tutor is to be an 
aide to learning, not a judge or expert. Academic tutoring behaviors include 
instruction, questioning, and giving directions (McKellar, 1986). Tutoring roles 
and responsibilities as defined by Wheeler and Birtle (1993) include facilitating 
the personal development of tutees, monitoring progress, providing a link 
between the student and the university authorities, being a responsible adult
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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within the organization, and intervening with university authorities on behalf of 
their tutees. One key job component is the type of assistance the tutor should 
give the tutee. The tutor should be careful not to do the work for the tutee, but 
should strive to assist the tutee with classwork (Ashley, 1986). Moore (1968) 
described the tutor as the one who cares rather than the one who knows. In this 
relationship, the effective tutor should be articulate, patient, and caring (Bobko, 
1984).
Historical and Theoretical Perspectives
Examining the historical role of tutoring programs and studying the social 
and academic theories that relate to tutoring can provide a foundation for the 
rationale for tutoring and research. Historians have dated the existence of 
tutoring back as far as the ancient times of Socrates. Zaritsky (1989) identified 
the Socratic method as an historical foundation for college tutoring because of 
“its method of questioning students individually or in small groups, eliciting their 
thought and requiring them to direct their own learning “ (p.1).
In American education, tutoring was an accepted practice in the one-room 
schoolhouses during the colonial period (Allen, 1976; Medway, 1985). Joseph 
Lancaster introduced a monitorial system for poor students that gained 
widespread use from Washington, DC to the New England states in the 1800s 
(Stahl, Stahl, & Henk, 1983; Wagner, 1982). Other examples of structured 
tutoring programs throughout American history include Harvard's faculty tutorial
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system which started in 1912 (Zaritsky, 1989), and programs for veterans 
returning to college under the G.l. Bill after World War II (Maxwell, 1990). In the 
1960s many state and federally funded tutoring programs began as part of the 
social programs for economically disadvantaged students. Three of the largest, 
most noteworthy programs were the High School Homework Helpers Program in 
New York City; the Youth Tutoring Youth Program in Washington, DC, and 
Chicago; and Lippitt and Lippitt’s cross-age tutoring program in Michigan and 
California (Medway, 1985). McGinty (1989) noted that many college tutoring 
programs emerged in the late 1960s and 1970s to assist minority and 
disadvantaged students.
Tutoring programs are prevalent on today’s college campuses. Roueche 
and Snow (1977) listed tutoring as a major component of successful 
developmental programs in the 1970s, and Boylan et al. (1994a) found the same 
in the mid 1990s. Approximately three fourths of all higher education institutions 
offer tutoring programs at 2200 sites employing 55,000 tutors (Boylan et al., 
1994b) and over 50% of colleges offer group tutoring (Lisner, 1989). 
Approximately 74% of all tutors are peer tutors (Boylan, et al., 1994b).
Theories about tutoring effectiveness are based on the intellectual and 
social factors involved in the process. In the 1970s there was a dearth of 
information about tutoring theory, and this limited research (Devin-Sheehan, 
Feldman, & Allen, 1976). Since then, scholars have attempted to develop 
tutoring theories by analyzing peer tutoring processes. Cohen (1986) viewed
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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tutoring from an academic perspective and an interpersonal perspective. The 
main features of the academic perspective were exposure to the material, 
development of learning and teaching skills, motivational factors, the effects of 
individualization, and the advantages of the teacher as a peer. Cohen's 
interpersonal perspective perceived tutoring “as a social system, comprised of a 
cooperative dyad with members of unequal status, ... providing an opportunity 
for social contact and the development of social skills” (p. 175).
Rings and Sheets (1991) proposed two theoretical foundations for 
tutoring: student development and metacognition. Leach (1989) defined student 
development as the process by which students learn to become more self­
directed, progressing toward educational and personal goals. Two components 
made up the student development process: helping students to establish their 
goals and supporting them in acquiring the knowledge, skills, and behaviors 
needed to reach those goals (Rings & Sheets, 1991). Flavell (1976, p. 232) 
defined metacognition as "the active monitoring and consequent regulation and 
orchestration of [thinking and learning activities] in relation to the cognitive 
objects or data on which they bear, usually in the service of some concrete goal 
or objective.” Components of this definition include the variables of learner 
characteristics, the task, the materials needed to complete the task, and the 
learner’s strategies.
Other theories that have focused on the social processes involved in 
tutoring include Medway’s social psychological analysis of peer tutoring (1991),
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Webb’s (1982) analysis of student interaction and learning in small groups, and 
studies of collaborative learning (Dansereau, 1987; Slavin, 1983). Medway 
(1991) studied five aspects of the social processes related to peer tutoring: 
tutoring behaviors and their relationship to outcomes, effective tutorial 
instructional methods, the effects of tutor expectations and attributions, 
investigations of tutorial roles and student pairings, and cooperative learning 
theory and tutoring. After studying these areas, Medway made 
recommendations regarding the structure of tutoring programs. He also 
recommended that tutoring research should emphasize tutoring processes and 
that further research was needed regarding cognitive changes and tutoring 
strategies.
Webb (1982) studied student interaction and learning in small groups. 
She examined three areas of small group learning: “the relationship between 
interaction and achievement, cognitive process and social-emotional 
mechanisms bridging interaction and achievement, and characteristics of the 
individual, group, and reward structure that predict interaction in small groups” 
(p. 421). Webb concluded that the individual’s role in group interaction 
influenced learning and that optimum learning situations could be achieved 
through analysis of the characteristics of the individual, group, and setting.
Slavin (1983) advocated cooperative learning as the ideal way for 
students to learn in small groups. In his analysis of cooperative learning theory, 
Slavin found individual accountability to be the key to achievement in
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cooperative situations. Slavin recommended careful delineation of individual 
roles and tasks and group rewards based on group achievement. After studying 
cooperative learning theory and tutoring, MacDonald (1993) found that group 
tutoring was more successful when individual roles and tasks were determined, 
and Dansereau (1987) found that cooperative learning led to better transfer to 
individual studying.
Rationales for Tutoring
Academic and social theories provide a foundation for why tutoring works. 
Tutoring has been chosen as an instructional method because of the special 
characteristics of the peer tutoring relationship and the unique teaching-learning 
processes that occur. Moore (1968, p.24) attributed the success of the tutorial 
method to three things: "It caters for the individual, it depends on cooperation 
between the parties, and it implies a distinctive attitude to knowledge.” The 
Presidential Commission’s Coleman Report (1973) credited the beneficial effects 
of peer tutoring to the social-intellectual processes for all types of college 
students.
The key to the peer tutoring relationship is that instruction and help are 
coming from a person with the same experiences as the tutee. “Peer 
relationships, the social dimension of tutoring, is the ingredient that allows 
tutoring to work” (Brown, 1987, p. 11). In peer tutoring situations, students feel 
more relaxed and relate to their tutor differently than to a professional tutor
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
17
(Grant & Holber, 1978). Tutees also report a greater sense of freedom to ask 
questions and express their own opinions (Lidren, Meier, & Brigham, 1991; 
Webb & Grib, 1967). Peer tutoring is similar to cooperation since the tutee and 
tutor share the same goal (Cohen, 1986) and cooperative relationships have 
been shown to produce positive interpersonal relations and to reduce anxiety 
and improve attitudes towards academic situations (Johnson 8c Johnson, 1974). 
Hawkins (1980) stated that the “unofficial closeness of the peer relationship 
opens up the academic code to inexperienced and insecure writers “ (pp. 64-65). 
Peer tutors can establish trust and collaboration with a student who has feelings 
of inadequacy because they are not in a position of authority (Okawa, 1988).
The unique teaching-learning processes that occur during tutoring can 
contribute to cognitive gains and to teaching the tutee how to learn. Tutoring 
increases academic engaged time, a highly significant correlate of achievement 
(Ehly, Keith, & Bratton, 1987; Jenkins & Jenkins, 1985). There is also a positive 
relationship between the "helping behavior” of tutoring and achievement (Webb, 
1982). Academic gains are achieved during tutoring by increasing exposure to 
material and rehearsing learned material (Cohen, 1986; Ehly, et al., 1987), oral 
summarization, metacognition, and elaboration (Dansereau, 1985), and 
facilitating the development of higher order cognitive skills and teaching new 
material (Collier, 1980). The small ratio of tutor to tutee increases the active 
participation between participants, thus increasing comprehension and 
development of cognitive-organizational skills (Cohen, 1986).
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Another benefit of peer tutoring is that tutees learn specific study skills for 
their academic situations. Cooperative learning strategies contribute to better 
transfer to individual studying (Dansereau, 1987). This involves the "use of a 
peer as a model of a learner, demonstrating structural learning skills such as 
concentrating on the material, attending to another person, organizing work 
habits, and asking questions" (Cohen, 1986, p. 175).
Effectiveness Factors 
Many factors have been identified that could affect the outcomes of 
college tutoring. These include characteristics of the tutor and tutee, the 
relationship between the tutor and tutee, duration of tutoring and number of 
tutoring contacts, tutoring environment, and program delivery model.
Two characteristics of the tutor and tutee that have been examined are 
gender and race. Research has shown that students make higher grades when 
they are tutored by a tutor of the same gender (Boylan, et al., 1994b; Maxwell, 
1991). House (1988) and House and Wohlt (1989) found that students who 
were tutored by tutors of the same gender earned higher grades in math and 
science courses than students who worked with tutors of the opposite gender. 
House and Wohlt (1992) repeated this study to include tutoring in business, 
social science, and humanities courses and found the same results. Research 
shows that giving the tutee an opportunity to choose the gender of the tutor may
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enhance the effectiveness of tutoring and may have a positive effect on the 
tutee’s attitude (Maxwell, 1991).
Presently there is no evidence to suggest that matching tutors and tutees 
by race impacts tutee success at the college level (Boylan et al., 1994b;
Maxwell, 1991). Akah (1990) interviewed 125 black students and 80% reported 
that the race or ethnic identification of their tutor did not matter. Even though 
research does not show that tutors and tutees should be matched according to 
race, it is still important to employ a cross-section of tutors who reflect the 
ethnicity of the tutees (Maxwell, 1991; Okawa, 1988).
Does the tutee's gender affect mathematics achievement? Bridgeman 
and Wendler (1991) refer to several meta-analyses of gender differences in 
mathematics ability and conclude that "simple generalizations about the 
superiority of either gender are impossible” (p. 275). In a study of gender 
differences as predictors of college mathematics course grades, Bridgeman and 
Wendler (1991) found that women “should expect to be at least as successful as 
men in their first-year mathematics courses even though their average SAT-M 
scores may not be as high as those of their male classmates" (p. 283).
It is difficult to state whether adult students (age 25 and older) earn the 
same mathematics course grades as younger students of equal ability.
Giordano (1995, p. 13) stated that "there is no straightforward, objective 
technique for assessing the functional mathematical literacy of adults.” Knox 
1986, p.22) found that “performance in learning tasks such as rote memory,
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discovering figural and mathematical relations, and inductive reasoning steadily 
declines from young adulthood into old age." Handler (1990) identified 
mathematical illiteracy, scientific-technical illiteracy, and math anxiety as serious 
problems for adult students. How these factors relate to grades earned in 
mathematics courses is unclear. No studies were located that compared the 
math course grades of adults to younger students.
The tutee’s ability and background knowledge of the subject have been 
shown to influence tutoring effectiveness. In a mathematics study, factors that 
predicted success included previous work in mathematics, quantitative ability, 
and precourse knowledge of the subject (Watson, 1988). McGinty (1989) also 
found ability to be a much stronger predictor of grade point average than 
participation in various retention programs. Harrar and Ender (1987) reported 
that students who had higher grades early in the course term perceived that they 
made greater gains after tutoring than students who were failing.
The effectiveness of tutoring greatly depends on the quality of the tutoring 
relationship and the structure of the tutorial session (Medway, 1985). The 
tutoring relationship can be defined by observed behaviors and interaction 
between tutor and tutees. Tutoring behaviors that are positively related to 
achievement include giving and receiving explanation and elaboration (McKellar, 
1986), clarification of information (McKellar, 1986), active manipulation of the 
instructional materials (Klaus, 1975), giving and receiving help (Webb, 1982), 
the active explanation of answers (Webb, 1983), and giving praise (Medway,
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1991). Tutors assess their tutees’ abilities during the first tutoring session and 
set expectation levels which influence consequent sessions. Tutor expectation 
levels can also influence the achievement of the tutee (Allen & Feldman, 1974; 
Medway, 1991). The tutoring session should also be structured, following a 
cycle or format (Jenkins & Jenkins, 1987; Klaus, 1975; MacDonald, 1993, 1994)
Tutor training has been shown to influence tutoring behaviors, thus 
influencing tutoring effectiveness. Seventy percent of all college tutoring 
programs offer training, with 80% of four-year colleges offering training (Boylan 
et al., 1994a). Most programs offer training in general tutoring techniques 
(Boylan et al., 1994b). Studies have shown that the training of tutors resulted in 
tutors demonstrating more of the recommended behaviors (Greenwood, Carta, & 
Hall, 1988; Harrison & Cohen, 1969; Niedermeyer, 1970). Niedermeyer also 
showed that tutors did not engage in many of the recommended behaviors 
spontaneously. Thomas (1972) discovered that college tutors tended to be task 
oriented and to push their tutees. Following a national study, Boylan, Bonham, 
Claxton, and Bliss (1992) found that tutoring programs that offered formal 
training for tutors were significantly more successful than programs that did not 
offer training.
Another effectiveness factor is the amount of time spent tutoring. This is 
related to student motivation at the college level because many tutoring 
programs have voluntary participation. Friedlander (1980) found that high risk 
college students were reluctant to take advantage of support programs.
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Many studies have shown that the amount of time spent tutoring makes a 
difference. Watson (1988) reported a significant correlation between the 
number of tutoring contacts and final course grade in mathematics. Abrams and 
Jernigan (1984) revealed that students who received tutoring an average of 2.26 
times had higher semester grade point averages than students who received 
tutoring an average of 1.81 times. Lidren, et al. (1991) discovered that one hour 
of tutoring per week improved the test scores of students in introductory 
psychology. Menges, Marx, and Trumpeter (1972) found that college students 
who were tutored at least eight times during the semester earned higher course 
grades than students with fewer contacts. Taylor (1969) reported that students. 
who attended tutoring twice a week had significantly higher quarter grade point 
averages than students who attended sporadically. In a study with opposite 
results, McGinty and Hanson (1991) found no difference in the grades of high 
risk students who received five or more hours of tutoring as compared to those 
who were tutored less than five hours.
Research has shown that group tutoring can be as effective as 1 -to-1 
tutoring. Bloom (1984) showed that both methods emphasized higher mental 
processes. Shaver and Nuhn (1971) found tutoring was as effective in a 3-to-1 
ratio as in a 1 -to-1 ratio. Rosenshine and Furst (1969) reported that 5-to-1 
groupings had the same effects as smaller groupings.
Components of successful tutoring programs have also been analyzed. 
Slavin and Madden (1989) identified the following components: cooperative
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learning, individual rewards, tutoring as a supplement to instruction, and small 
tutor-to-tutee ratios. Klaus (1975) reported that effective peer tutoring programs 
should be designed to meet the unique needs of the school. Systematic tutor 
training has also been identified as a component of effective programs (Boylan 
et al., 1992; Jenkins & Jenkins, 1987; Maxwell, 1990).
Evaluation Results
Many studies have been conducted which attempted to measure the 
effectiveness of college tutoring programs. Research regarding tutoring 
effectiveness includes studies measuring tutee attitudes, persistence rates, 
course grades, grade point averages, benefits to tutors, and cost.
Affective dimensions of tutoring for the tutee have been measured 
regarding attitude toward subject matter, self-esteem, and tutee perceptions 
about the benefits of tutoring. In a meta-analysis of 65 independent studies 
regarding the educational outcomes of tutoring, Cohen, Kulik, and Kulik (1982) 
found that tutees developed positive attitudes toward the subject matter covered 
in tutoring.
Participation in tutoring has also been proven to enhance the self-esteem 
of the tutees. Bobko (1984) observed that tutoring improved student morale and 
increased students’ confidence in their ability to master organic chemistry. 
O’Donnell, Dansereau, Hall, and Rocklin (1987) found that students working in 
cooperative pairs experienced less task-related anxiety than students working
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independently. Ross (1972) measured gains in the self-concepts of tutees after 
receiving tutoring in reading.
In a review of tutoring literature, Maxwell (1990) found that tutees 
consistently demonstrated high levels of satisfaction with tutoring services. 
Medway (1991) observed that tutees frequently credited the tutor for their 
academic progress, and Lidren et al. (1991) found that most tutees rated their 
tutors as competent.
Many benefits of tutoring can contribute to college persistence. House 
and Wohlt (1990) found that freshmen tutees earned more hours credit than 
freshmen who were not tutored. Boylan et al. (1994b) reported that tutees had 
higher completion rates for courses in which tutoring was received. Koehler 
(1983) and Vincent (1983) found that students who received tutoring remained in 
college longer than those who did not. Maxwell (1990) suggested that this might 
be due to tutoring support or might be due to the motivational levels of tutees.
Tutors have consistently benefited from tutoring, both academically and 
socially. Allen and Feldman (1974, p.311) observed that tutors “appear to gain 
as much from the tutoring program as the ..[tutees], both in terms of cognitive 
learning and in social-personal consequences such as increased self-esteem 
and motivation." The role of the tutor contributes to these gains. Medway (1991) 
related the role of the tutoring to Sarbin’s (1976) role theory, and stated that 
“enacting the role of the teacher conveys competence, prestige, and authority. 
Therefore, the more tutors see themselves as having these characteristics, the
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more their self-esteem and school attitudes will improve “ (p.23). Ross (1972) 
measured significant gains in the self-concepts of tutors after one semester. 
Cohen et al. (1982) indicated that four of five studies measured positive tutor 
attitudes toward subject matter.
Additional studies have measured the academic and social gain of tutors. 
Academic benefits for the tutor as cited by Lidren et al. (1991) are becoming 
aware of their own intellectual capacity, developing problem-solving strategies, 
and learning effective teaching behaviors. Bargh and Schul (1980) found that 
college tutors had higher academic gains than their tutees. Bobko (1984) 
observed that tutors benefited by increasing their content knowledge and their 
ability to speak to small groups. Brandwein and DiVittis (1985) also observed 
gains in tutors’ communication skills.
Several studies have compared the academic gains of students who study 
material and prepare in order to teach with students who prepare only to take 
exams. Annis (1983) discovered that tutors had higher increases in content 
knowledge and cognitive scores than students who only prepared for tests. 
Benware and Deci (1984) found that tutors had higher conceptual learning 
scores and were more intrinsically motivated than classmates who only prepared 
for tests. In a similar study, Ehly et al. (1987) documented higher gains in 
content knowledge for tutors.
Additional studies measuring tutoring effectiveness have focused on 
whether tutoring influences achievement. Researchers have examined gains in
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examinations, grades, and grade point averages of tutees. Burton and Elliott
(1986) found a significant difference in standardized math score gains between 
tutored and nontutored students. Ross (1972) measured significant reading 
achievement score gains for tutored students at a community college. In a meta­
analysis of the educational outcomes of tutoring, Cohen et al. (1982) identified 
45 studies in which tutored students scored higher on exams than nontutored 
students. Six studies with opposite results were also identified: the nontutored 
students scored higher on exams. Utilizing student report data, Harrar and Ender
(1987) found that tutees believed their grades had improved at least one grade 
level. Irwin’s 1980 and 1981 studies (as cited in Maxwell, 1990) showed that 
tutored students made higher course grades in statistics regardless of ability 
level. Menges et al. (1972) reported that tutored students earned higher course 
grades in advanced psychology regardless of ability level or grade point 
average.
Few studies show that tutoring improves tutees’ semester or overall grade 
point averages (GPAs). Maxwell (1990) attributed this to the difficulties involved 
in conducting such research and to validity problems associated with programs 
that only serve weak students. Abrams and Jernigan (1984) and Loguevan and 
Shoemaker (1991) discovered that at-risk students who received tutoring earned 
higher grades than predicted. Etters (1967) found a significant relationship 
between tutoring and GPA for at-risk students with reduced class loads. House 
and Wohlt (1990) reported that tutoring was related to higher grade point
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averages for male freshmen. Taylor (1969) found that tutored students with 
GPAs below a 2.0 showed increases in their grade point average, while students 
with GPAs above a 2.0 did not.
An additional area that has been evaluated has been the cost 
effectiveness of tutoring programs. Levin, Glass, and Meister (1987) compared 
the cost effectiveness of tutoring with reduced class size, increased instructional 
time, and computer-assisted instruction and found that tutoring showed the 
greatest cost-benefit ratios.
Need for Additional Research
Many tutoring research studies, evaluations, and literature reviews 
conclude with a justification for the need for more information. Researchers 
have pointed to the proliferation of literature measuring tutoring effectiveness in 
public school settings and have stressed the need for additional research at the 
college level (Lidren et al., 1991; Longuevan & Shoemaker, 1991). Researchers 
have also suggested that qualitative studies regarding the affective benefits of 
tutoring are common and that more quantitative, experimental research is 
needed regarding tutoring effectiveness (Brandwein & DiVittis, 1985; Klaus, 
1975; Maxwell, 1990). Other researchers have focused on the problem that 
there is very little research regarding the effectiveness of college tutoring 
programs and delivery models (Bobko, 1984; Boylan et al., 1994b).
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This literature review has provided information regarding tutoring 
definitions, purposes, and roles; historical and theoretical perspectives; 
rationales for tutoring; effectiveness factors; and evaluation results; and 
concluded with a justification for the need for more research. In this literature 
review and through extensive study, no research was located that compared the 
effectiveness of small group tutoring and tutoring in labs. The research study 
outlined in Chapter Three proposes to compare small group tutoring and tutoring 
in labs, thus adding new information to what is known about tutoring 
effectiveness and program delivery models.
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CHAPTER 3 
Methods and Procedures
The purpose of this study was to measure the effectiveness of tutoring in 
small groups as compared to tutoring in labs. A review of literature was first 
conducted to develop a foundation for the study. The methods and procedures 
outlined in the study were described in this chapter. Research methodology and 
design, hypotheses, variables, population, instrumentation, data collection, and 
data analysis were presented.
Research Methodology and Design 
An ex post facto design was used in this study to explore relationships 
among variables that could not be manipulated by the researcher. A quasi- 
experimental design was also used in this study. This design is appropriate 
when random assignment of subjects to treatment groups is not possible (Borg & 
Gall, 1989). According to Linn (1986), "While the power of randomization is 
recognized,...quasi-experimental designs... have more frequent applicability in 
research on teaching" (p. 92). An analysis of covariance was used to adjust for 
initial differences among groups. A correlational design was used to measure 
the effects of duration of tutoring and number of tutoring contacts.
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Research Questions 
This research attempted to answer the following questions:
1. Do students who receive small group tutoring and/or tutoring in labs for 
mathematics, physics, or accounting earn significantly higher course grades 
than students who are not tutored?
2. Is there a significant difference between the course grades of students 
who are tutored in labs and/or in small groups for mathematics, physics, or 
accounting?
3. What effects do duration of tutoring and/or number of tutoring sessions 
have on students' grades in mathematics, physics, or accounting?
4. Do students who receive small group tutoring and/or tutoring in labs for 
mathematics, physics, or accounting earn significantly higher grade point 
averages than students who are not tutored?
5. Is there a significant difference between the semester grade point 
averages of students who are tutored in labs and/or in small groups for 
mathematics, physics, or accounting?
6. What effects do duration of tutoring and/or number of tutoring sessions 
have on students’ grade point averages in mathematics, physics, or accounting?
7. Is gender a significant factor in predicting course grades or semester 
grade point averages for students in mathematics, physics, or accounting?
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8. Are the course grades or semester grade point averages of adult 
students (ages 25 and above) significantly different from those of younger 
students in mathematics, physics, or accounting?
9. Do students earn higher grades or semester grade point averages in 
different mathematics, physics, or accounting courses?
Hypotheses
The following hypotheses were tested at the .05 level of significance and 
were stated in null form:
1. Students who receive small group tutoring and/or tutoring in labs for 
mathematics, physics, or accounting do not earn significantly higher course 
grades than students who are not tutored.
2. There is no significant difference between the course grades of 
students who are tutored in labs and/or in small groups for mathematics, 
physics, or accounting.
3. Duration of tutoring and/or number of tutoring sessions have no effect 
on students’ grades in mathematics, physics, or accounting.
4. Students who receive small group tutoring and/or tutoring in labs for 
mathematics, physics, or accounting do not have significantly higher semester 
grade point averages than students who are not tutored.
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5. There is no significant difference between the semester grade point 
averages of students who are tutored in labs and/or in small groups for 
mathematics, physics, or accounting.
6. Duration of tutoring and/or number of tutoring sessions have no effect 
on students’ grade point averages in mathematics, physics, or accounting.
7. Gender is not a significant factor in predicting course grades or 
semester grade point averages for students in mathematics, physics, or 
accounting.
8. The course grades or semester grade point averages of adult students 
(ages 25 and above) are not significantly different from those of younger 
students in mathematics, physics, or accounting.
9. Students do not earn higher grades or semester grade point averages 
in different mathematics, physics, or accounting courses.
Variables
The independent variables in the study were the type of tutoring that 
students received, the duration of tutoring, the number of tutoring contacts, 
gender, age of students, and the course taken. Dependent variables in this 
study were the final course grade and semester grade point average.
Population
There were 10,814 undergraduate students enrolled at Appalachian State 
University during the Fall 1994 semester (Fact book. 1995) and 10,004
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undergraduate students enrolled during the Spring 1995 semester (Final 
enrollment. 1995). The target population consisted of Appalachian State 
University students who self-selected to receive tutoring in mathematics, 
physics, or accounting during the 1994 -1995 school year.
Sample
The total target population was included in the experimental group. A 
paired stratified sampling technique was used to select the control group. Each 
student from the experimental group was identified by course section, and a 
student was randomly selected from that course section for the control group. 
The experimental group was identified by the type of type of tutoring received 
(small group tutoring, lab tutoring, or both types of tutoring), and control groups 
were matched for each experimental subgroup. Students who were duplicated in 
more than one group were identified and randomly eliminated from one group.
Instrumentation
Students who received math, physics, or accounting tutoring in small 
groups were tutored on an appointment basis, usually once or twice a week. 
Tutoring sessions were scheduled at a time convenient for the tutee. The 
sessions could be scheduled between 8 a.m. and 9 p.m., Mondays through 
Thursdays, between 8 a.m. and 5 p.m. on Fridays. Tutees could only receive a 
maximum of two hours of tutoring a week.
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Students who received math, physics, or accounting tutoring in labs were 
tutored on a walk-in basis: they could attend tutoring in the labs as often as they 
wanted to during the open lab hours. The math and physics labs were open 
eight hours a week and the accounting lab was open 29 hours a week.
All tutors had completed required tutor training, had been recommended 
by the chairperson of the department for the subject they were tutoring, and had 
a "B” (3.0) grade point average in their major courses.
Data Collection
Data were collected during the 1994 Fall Semester and 1995 Spring 
Semester. A contact sheet for each tutee was maintained weekly which included 
the tutee’s name, social security number, dates and times of tutoring sessions, 
course, professor, and type of tutoring. This method of data collection was a 
regular procedure for program evaluation and accountability; no special 
obtrusive methods were used to categorize the experimental group.
Experimental groups were identified by program delivery model and by subject 
from information obtained from the contact sheets. Number of tutoring contacts 
and duration of tutoring was also recorded from the contact sheets. Using the 
computerized Student Information System at Appalachian State University, the 
paired stratified sample was identified, and course grades and semester grade 
point averages for students in the experimental and control groups were 
recorded.
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Data Analysis
Data analysis consisted of both descriptive and inferential measures. An 
analysis of covariance was used to measure tutoring effectiveness between the 
different experimental groups and control groups. The covariate for hypotheses 
measuring course grades was SAT math score and the covariate for hypotheses 
measuring semester grade point average was predicted grade point average. 
The predicted grade point average formula used by Appalachian State 
University for the 1994-95 academic year used SAT-Verbal and SAT-Math 
scores and was validated for significance at the .05 level for predicting the grade 
point averages of students after the freshman year (Validation study report, 
1996). Data were compared by subject and program delivery model, and to the 
control group. Correlational data were compiled to determine the effects of 
duration of tutoring and number of contacts with course grade and semester 
grade point average. Analyses of covariance were used to determine the effects 
of gender, age (if 25 years or older), and the effect of the course.
The null hypotheses that compared experimental groups and control 
groups were tested at the .05 level of significance. Descriptive statistical results 
were reported for the research questions and the null hypotheses that examined 
the effects of duration of tutoring and number of tutoring contacts, gender, age (if 
25 years or older), and the effect of the course.
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CHAPTER 4 
Data Analysis and Interpretation
This study examined the relationships among two tutoring program 
delivery models and course grade and semester grade point average. The 
effects of gender, age (if 25 years or older), course, duration of tutoring, and 
number of tutoring sessions were measured and compared to their relationship 
to course grade and semester grade point average. The data analysis and 
interpretation will be presented in five parts: data description, description of the 
sample, data preparation, data analysis, and conclusion.
Data Description 
The independent variables in this study were the tutoring program 
delivery model groups and the control groups, duration of tutoring, number of 
tutoring contacts, gender, age (if 25 or older), and course. The experimental and 
control groups were divided into six subsets: small group tutoring, tutoring in 
labs, both forms of tutoring, and a matched control group for each experimental 
group. Dependent variables in this study were the course grade and semester 
grade point average. Covariates were SAT math score and predicted grade 
point average.
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Description of the Sample 
The sample consisted of 1265 students, 613 in the experimental group 
(48.5%) and 652 in the control group (51.5%). The experimental group was 
divided into three subgroups by type of tutoring received: group tutoring, lab 
tutoring, or both forms of tutoring. The control group was matched to the three 
experimental subgroups, resulting in three control subgroups. Students who 
were duplicated in more than one group were identified and randomly eliminated 
so that they were represented only once. Numbers of students in the six sample 
groups are shown in the following table:
Table 1
Frequency and Percent of Students in each Sample Group
Sample group Frequency Percent
Group tutoring 293 23.2
Lab tutoring 272 21.5
Both forms of tutoring 48 3.8
Group control 310 24.5
Lab control 292 23.1
Both forms, control _50 4.0
1265 100.0
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The sample population consisted of 562 females (44.4%) and 703 males 
(55.6%). One hundred eleven students were twenty-five years old or older. 
Seven hundred twelve students were in the sample group for mathematics 
(56.3%), 399 students were in the sample group for accounting (31.5%), and 
154 students were in the sample group for physics (12.2%). Mean values for 
duration of tutoring, number of contacts, age, course grade, SAT math score 
(SATM), predicted grade point average (PredGPA), and semester grade point 
average (UgGPA) for the entire sample, experimental group, and control group 
are presented in Tables 2, 3, and 4. Duration of tutoring was measured by the 
number of weeks a student received tutoring, and number of contacts was the 
number of tutoring sessions the student attended. Age was measured at the 
beginning of the semester that the student received tutoring. Course grade was 
measured on a four point scale, with adjustments of 0.3 for plus or minus grades 
(e.g., B+ = 3.3 and B- = 2.7). Semester grade point average was measured at 
the end of the semester that the student received tutoring.
Data Preparation
Data were collected from tutoring contact sheets and from the Student 
Information System (SIS) at Appalachian State University. The Office of 
Institutional Research at Appalachian State University used student social 
security numbers to collect information from the SIS system regarding age, 
predicted grade point average, semester grade point average, SAT math score,
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Table 2
Sample Mean Values for Age, Grade, SATM,
Predicted GPA, and Semester GPA
Variable Mean
Standard
Deviation
Minimum
Value
Maximum
Value
Number
Observations
Age 20.83 3.51 16 48 1265
Grade 2.15 1.24 0.0 4.0 1265
SATM 506.57 86.59 200 740 1154
PredGPA 2.51 .40 1.22 4.00 1054
UgGPA 2.58 .72 .000 4.00 1265
Note. One hundred eleven students had missing values for SAT math and 211 
students had missing values for predicted grade point average. PredGPA = 
predicted grade point average. UgGPA = semester grade point average.
and gender. Statistical tests were run to test for the effects of all independent 
variables: experimental and control groups, age (if 25 years or older), gender, 
course, duration of tutoring, number of tutoring sessions, and tutoring contacts 
per week.
Experimental and Control Groups, and Gender
Before the analyses of covariance (ANCOVAs) were run, tests were 
conducted to determine if there was interaction between the covariates (SAT
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Table 3
Experimental Mean Values for Duration of Tutoring, Contacts,
Age, Grade, SATM, Predicted GPA, and Semester GPA
Standard Minimum Maximum Number of 
Variable Mean Deviation Value Value Observations
Duration 8.23 3.60 1 15 613
Contacts 8.93 5.70 3 38 613
Age 21.16 4.20 16 48 613
Grade 2.09 1.18 0.0 4.0 613
SATM 489.93 87.04 200 730 544
PredGPA 2.48 .42 1.22 4.00 499
UgGPA 2.61 .68 .000 4.00 613
Note. Sixty-nine students had missing values for SAT math and 114 students 
had missing values for predicted grade point average. PredGPA = predicted 
grade point average. UgGPA = semester grade point average.
math and predicted grade point average) and the independent variables 
(experimental and control groups, and gender). If no significant interaction was 
found (tested at the .05 level), then an ANCOVA was run using a procedure 
which assumes homogeneous slopes. If a significant interaction was found 
between covariates and independent variables, then an ANCOVA was run that 
fit separate slopes within each level of the independent variable. The ANCOVAs
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Table 4
Control Mean Values for Age, Grade, SATM,
Predicted GPA, and Semester GPA
Variable Mean
Standard
Deviation
Minimum
Value
Maximum
Value
Number of 
Observations
Age 20.52 2.67 17 40 652
Grade 2.21 1.30 0.0 4.0 652
SATM 521.41 83.50 240 740 610
PredGPA 2.54 .39 1.30 3.72 555
UgGPA 2.56 .76 .000 4.00 652
Note. Forty-two students had missing values for SAT math and 97 students had 
missing values for predicted grade point average. PredGPA = predicted grade 
point average. UgGPA = semester grade point average.
tested for a significant difference in the dependent variables (grade and 
semester GPA) for different levels of the independent variables, treatment and 
gender, using SAT math score and predicted grade point average as respective 
covariates. If significant differences were found among the four treatment groups 
(group tutoring, lab tutoring, both forms of tutoring, or no tutoring), then a 
pairwise comparison was run to determine where the relationship was 
significant. The pairwise comparison matched experimental groups to their 
paired control groups and experimental groups to each other. The level of
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significance for the pairwise comparisons was determined by the Bonferroni 
procedure as described by Neter, Wasserman, and Kutner (1990): six pairwise 
comparisons were performed for each significant ANCOVA result; therefore, 
each individual pairwise comparison was considered statistically significant only 
if its probability level was less than .008 (.05/6 = .0083).
Age (if 25 or older)
When the sample was divided by two age groups (< 25 years or > 25 
years) and by four treatment groups (small group tutoring, lab tutoring, both 
tutoring, and no tutoring), it was not possible to test for significance of age due 
to the small numbers of students over the age of 25 in each of the treatment 
groups. The treatment groups were combined into two groups (experimental and 
control) and tests were conducted to determine if there was interaction between 
the covariates (SAT math and predicted grade point average) and the 
independent variables (experimental and control groups, and age). If no 
significant interaction was found, an ANCOVA was run using the procedure 
which assumes homogeneous slopes. If a significant interaction was found, then
i
an ANCOVA was run that fit separate slopes within each level of the 
independent variable. The ANCOVAs tested for a significant difference in the 
dependent variables (grade and semester GPA) for two levels of the 
independent variables (treatment and age).
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Course
When the sample was divided by course and by four treatment groups 
(small group tutoring, lab tutoring, both small group and lab tutoring, and no 
tutoring), it was not possible to test for significance due to the small numbers of 
students in each of the treatment groups. The treatment groups were combined 
into two groups (experimental and control) and tests were conducted to 
determine if there was interaction between the covariates (SAT math and 
predicted grade point average) and the independent variables (experimental and 
control groups, and course). If no significant interaction was found, an ANCOVA 
was run using the procedure which assumes homogeneous slopes. If a 
significant interaction was found, then an ANCOVA was run that fit separate 
slopes within each level of the independent variable. The ANCOVAs tested for a 
significant difference in the dependent variables (grade and semester GPA) for 
two levels of the independent variables (treatment and course).
Duration and Contacts
Tests of correlation were run to determine the relationship between the 
independent variables (number of tutoring sessions, duration of tutoring, and 
tutoring contacts per week) and the dependent variables (grade and semester 
GPA). Additional tests of correlation were conducted on a subset of the tutoring 
group, specifically on those students with durations of greater than or equal to 
four weeks and contacts per week of greater than or equal to one.
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Data Analysis
Statistical tests were run to test for the significance of the independent 
variables (tutoring program delivery models and control, gender, age, course, 
duration of tutoring, number of tutoring contacts, and tutoring contacts per week) 
to the dependent variables (course grade and semester grade point average). 
Mean course grades and semester grade point averages were presented by 
subject area in Tables 5 - 7 .  Results from the data presentation were interpreted 
by comparing the significance of the testing of the independent variables. Each 
of the null hypotheses was tested separately and each hypothesis was rejected 
or failed to be rejected. In this study, 10 hypotheses were rejected. Significant 
results were discussed and additional data was provided in the areas where 
significant results were found for each independent variable. These data could 
provide more relevant, specific information for tutoring program administrators. 
Results that were not found to be significant at the .05 level were discussed 
briefly in Appendix A.
Experimental Group
Hypotheses
1. There is no difference between the course grades of students who 
received small group tutoring or tutoring in labs in mathematics.
2. There is no difference between the course grades of students who 
received small group tutoring or no tutoring in mathematics.
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Table 5
Mean Course Grade and Semester Grade Point Average 
by Experimental Group and Gender for Mathematics
Grade (N) Semester GPA (N)
Entire Population 2.147 (648) 2.517 (605)
GrouD tutorina 1.965 (210) 2.470 (201)
Male 1.784 (89) 2.351 (88)
Female 2.098(121) 2.563(113)
Lab tutorina 2.107 (71) 2.638 (62)
Male 1.979 (43) 2.588 (37)
Female 2.304 (28) 2.712 (25)
Both tutorina 1.732 (25) 2.472 (24)
Male 1.471 (17) 2.303(16)
Female 2.288 (8) 2.810(8)
Control arouD 2.297 (342) 2.526 (318)
Male 2.134(174) 2.397 (162)
Female 2.466(168) 2.659(156)
Note. N varies for Grade and Semester GPA due to students with missing 
values for SATM and predicted GPA.
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Table 6
Mean Course Grade and Semester Grade Point Average 
by Experimental Group and Gender for Accounting
Grade (N) Semester GPA (N)
Entire Population 2.197 (364) 2.702(321)
GrouD tutorina 1.841 (34) 2.488 (33)
Male 1.665 (20) 2.349 (20)
Female 2.093 (14) 2.703 (13)
Lab tutorina 2.379 (129) 2.852(111)
Male 2.103 (75) 2.728 (63)
Female 2.869 (52) 3.014 (48)
Both tutorina 1.593(14) 2.674 (12)
Male 1.444 (9) 2.634 (7)
Female 1.860 (5) 2.731 (5)
Control arouo 2.157(189) 2.646 (165)
Male 2.108(118) 2.614 (99)
Female 2.239 (71) 2.693 (66)
Note. N varies for Grade and Semester GPA due to students with missing values 
for SATM and predicted GPA.
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Table 7
Mean Course Grade and Semester Grade Point Average 
by Experimental Group and Gender for Physics
Grade (Nt Semester GPA (N)
Entire Population 1.994(142) 2.628 (128)
GrouD tutorina 1.640 (25) 2.349 (23)
Male 1.308(13) 2.429 (12)
Female 2.000 (12) 2.261 (11)
Lab tutorina 2.512 (33) 2.980 (29)
Male 2.260(15) 3.017(14)
Female 2.722(18) 2.945(15)
Both tutorina 2.280 (5) 2.902 (4)
Male 2.350 (2) 2.098(1)
Female 2.233 (3) 3.170 (3)
Control arouD 1.871 (79) 2.561 (72)
Male 1.731 (54) 2.407 (51)
Female 2.172 (25) 2.936 (21)
Note. N varies for Grade and Semester GPA due to students with missing values 
for SATM and predicted GPA.
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3. There is no difference between the course grades of students who 
received tutoring in labs or no tutoring in mathematics.
4. There is no difference between the course grades of students who 
received small group tutoring or both forms of tutoring in mathematics.
5. There is no difference between the course grades of students who 
received tutoring in labs or both forms of tutoring in mathematics.
6. There is no difference between the course grades of students who 
received both forms of tutoring or no tutoring in mathematics.
7. There is no difference between the course grades of students who 
received small group tutoring or tutoring in labs in accounting.
8. There is no difference between the course grades of students who 
received small group tutoring or no tutoring in accounting.
9. There is no difference between the course grades of students who 
received tutoring in labs or no tutoring in accounting.
10. There is no difference between the course grades of students who 
received small group tutoring or both forms of tutoring in accounting.
11. There is no difference between the course grades of students who 
received tutoring in labs or both forms of tutoring in accounting.
12. There is no difference between the course grades of students who 
received both forms of tutoring or no tutoring in accounting.
13. There is no difference between the course grades of students who 
received small group tutoring or tutoring in labs in physics.
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14. There is no difference between the course grades of students who 
received small group tutoring or no tutoring in physics.
15. There is no difference between the course grades of students who 
received tutoring in labs or no tutoring in physics.
16. There is no difference between the course grades of students who 
received small group tutoring or both forms of tutoring in physics.
17. There is no difference between the course grades of students who 
received tutoring in labs or both forms of tutoring in physics.
18. There is no difference between the course grades of students who 
received both forms of tutoring or no tutoring in physics.
19. There is no difference between the semester grade point averages of 
students who received small group tutoring or tutoring in labs in mathematics.
20. There is no difference between the semester grade point averages of 
students who received small group tutoring or no tutoring in mathematics.
21. There is no difference between the semester grade point averages of 
students who received tutoring in labs or no tutoring in mathematics.
22. There is no difference between the semester grade point averages of 
students who received small group tutoring or both forms of tutoring in 
mathematics.
23. There is no difference between the semester grade point averages of 
students who received tutoring in labs or both forms of tutoring in mathematics.
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24. There is no difference between the semester grade point averages of 
students who received both forms of tutoring or no tutoring in mathematics.
25. There is no difference between the semester grade point averages of 
students who received small group tutoring or tutoring in labs in accounting.
26. There is no difference between the semester grade point averages of 
students who received small group tutoring or no tutoring in accounting.
27. There is no difference between the semester grade point averages of 
students who received tutoring in labs or no tutoring in accounting.
28. There is no difference between the semester grade point averages of 
students who received small group tutoring or both forms of tutoring in 
accounting.
29. There is no difference between the semester grade point averages of 
students who received tutoring in labs or both forms of tutoring in accounting.
30. There is no difference between the semester grade point averages of 
students who received both forms of tutoring or no tutoring in accounting.
31. There is no difference between the semester grade point averages of 
students who received small group tutoring or tutoring in labs in physics.
32. There is no difference between the semester grade point averages of 
students who received small group tutoring or no tutoring in physics.
33. There is no difference between the semester grade point averages of 
students who received tutoring in labs or no tutoring in physics.
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34. There is no difference between the semester grade point averages of 
students who received small group tutoring or both forms of tutoring in physics.
35. There is no difference between the semester grade point averages of 
students who received tutoring in labs or both forms of tutoring in physics.
36. There is no difference between the semester grade point averages of 
students who received both forms of tutoring or no tutoring in physics.
Results
ANCOVA results for program delivery models and control groups and 
gender are presented by subject area in Tables 8 -10. After comparing the six 
levels of experimental groups (Expgrp) and testing for significance at the 
conservative .008 level, four areas showed significant results for experimental 
group: semester grade point averages of students who received small group 
tutoring in mathematics as compared to the grade point averages of students 
who received no tutoring (p < .001), semester grade point averages of students 
who received group tutoring in mathematics as compared to the grade point 
averages of students who received both forms of tutoring (p < .003), semester 
grade point averages of students who received lab tutoring in mathematics as 
compared to the grade point averages of students who received both forms of 
tutoring (p < .008), and semester grade point averages of students who received 
lab tutoring as compared to the grade point averages of students in the lab 
control group in accounting (p < .005). The mean semester grade point average
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Table 8
Analysis of Covariance for Experimental Group and Gender
by Grade and Semester GPA for Mathematics
Grade Semester GPA
Source dF F dF F
Covariate 4 8.32 4 36.14
Expgrp 3 2.78* 3 4.69’
Gender 1 11.94** 1 1.48
Expgrp by 
Gender
3 .53 3 .15
Error 636 (1.43) 593 (.44]
Note. Values enclosed in parentheses represent mean square errors. Expgrp =
group tutoring, lab tutoring, both forms of tutoring, or no tutoring.
*p < .05. **p < .01.
for students who received group tutoring in mathematics was 2.471, compared to 
2.638 for students who received lab tutoring, compared to 2.472 for students 
who received both types of tutoring, compared to 2.531 for students who 
received no tutoring. The mean semester grade point average for students who 
received lab tutoring in accounting was 2.852, as compared to 2.659 for the lab 
control group. The results of this research reject null hypotheses 20, 22, 23, and
27 and fail to reject null hypotheses 1 -19, 21, 24 - 26, and 28 - 36.
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Table 9
Analysis of Covariance for Experimental Group and Gender
by Grade and Semester GPA for Accounting
Grade Semester GPA
Source dF F dF F
Covariate 1 21.81 1 80.45
Expgrp 3 2.88* 3 4.84’
Gender 1 4.06* 1 .88
Expgrp by 3 .75 3 .73
Gender
Error 355 (1.46) 312 (.25)
Note. Values enclosed in parentheses represent mean square errors. Expgrp = 
group tutoring, lab tutoring, both forms of tutoring, or no tutoring.
*£<.05. **£<.01.
Gender
Hypotheses
37. There is no relationship between gender and the course grades of 
students in mathematics.
38. There is no relationship between gender and the course grades of 
students in accounting.
39. There is no relationship between gender and the course grades of 
students in physics.
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Table 10
Analysis of Covariance for Experimental Group and Gender
by Grade and Semester GPA for Physics
Grade Semester GPA
Source dF F dF F
Covariate 1 4.37 2 10.33
Expgrp 3 2.03 3 1.11
Gender 1 .16 1 4.37*
Expgrp by 
Gender
3 1.89 3 2.87*
Error 133 (1.25) 118 (.44)
Note. Values enclosed in parentheses represent mean square errors. Expgrp = 
group tutoring, lab tutoring, both forms of tutoring, or no tutoring.
*£<.05. **£<.01.
40. There is no relationship between gender and the semester grade 
point averages of students in mathematics.
41. There is no relationship between gender and the semester grade 
point averages of students in accounting.
42. There is no relationship between gender and the semester grade 
point averages of students in physics.
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Results
ANCOVA results for gender are presented with experimental group 
results by subject area in Tables 8 -10. Gender was a significant factor in 
predicting mathematics grades (p < .001). The mean mathematics course grade 
for females was 2.311 as compared to 1.982 for males. Significant differences 
were also found in the math grades of female students who received group 
tutoring or were in the group tutoring control subset as compared to the math 
grades of male students in the same subsets. The grade mean for females who 
received small group tutoring was 2.098 as compared to 1.784 for males, and 
the grade mean for females in the small group tutoring control subset was 2.473 
as compared to 2.163 for males. Gender was not found to be a significant factor 
in predicting semester grade point average for mathematics.
Gender was also a significant factor in predicting accounting grades (p < 
.045). Females in the sample earned an average course grade of 2.442 as 
compared to males with an average course grade of 2.039. Gender was a 
significant factor in predicting accounting grades for students who received lab 
tutoring and students in the lab tutoring control group. Female students who 
received lab tutoring earned significantly higher accounting grades than males 
who received lab tutoring, with respective grade means of 2.869 and 2.344. The 
female matched control group for lab tutoring also performed significantly higher 
than the male control group, with respective means of 2.344 and 2.054. Gender
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was not found to be a significant factor in predicted grade point average for 
accounting.
Females did not earn significantly higher grades in physics as compared 
to male students, but they did earn significantly higher semester grade point 
averages (p < .039). The mean semester grade point average for females was 
2.804 as compared to 2.516 for males. Significant results were also found within 
experimental group by gender for semester grade point average. Female 
students who received group tutoring earned mean semester grade point 
averages of 2.261, those who received lab tutoring earned mean semester grade 
point averages of 2.945, those who received both types of tutoring earned 
semester grade point averages of 3.170, and female students in the control 
group earned mean semester grade point averages of 2.936. Male students in 
the group tutoring subset earned semester grade point averages of 2.429, 
earned a mean of 3.017 in the lab tutoring group, earned a mean of 2.098 in the 
both tutoring subset, and earned a mean of 2.407 in the control group. The 
results of this research reject null hypotheses 37, 38, and 42 and fail to reject 
hypotheses 39, 40, and 41.
Age
Hypotheses
43. There is no difference between the course grades of adult students as 
compared to the course grades of younger students in mathematics.
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44. There is no difference between the course grades of adult students as 
compared to the course grades of younger students in accounting.
45. There is no difference between the course grades of adult students as 
compared to the course grades of younger students in physics.
46. There is no difference between the semester grade point averages of 
adult students as compared to the semester grade point averages of younger 
students in mathematics.
47. There is no difference between the semester grade point averages of 
adult students as compared to the semester grade point averages of younger 
students in accounting.
48. There is no difference between the semester grade point averages of 
adult students as compared to the semester grade point averages of younger 
students in physics.
Results
ANCOVA results for age can be found in Tables 11 -13. In mathematics 
and accounting, no significant ANCOVA results were found for age or for age by 
experimental or control group (Twogrp). In physics, students 25 years or older 
earned significantly higher semester grade point averages with a mean of 3.287 
as compared to 2.607 (p < .005). Based on these results, the research rejects 
null hypothesis 48, and fails to reject null hypotheses 43 - 47.
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Table 11
Analysis of Covariance for Age (if 25 > years)
by Grade and Semester GPA for Mathematics
Grade Semester GPA
Source dF F dF F
Covariate 1 20.60 2 76.21
Twogrp 1 .12 1 6.33’
Agegrp 1 2.52 1 1.07
Twogrp by 
Agegrp
1 1.53 1 .27
Error 643 (1.47) 599 (.44!
Note. Values enclosed in parentheses represent mean square errors. Twogrp = 
experimental or control group. Agegrp = < 25 years or > 25 years.
*£<.05. **£<.01.
Course
Hypotheses
49. There is no difference between the course grades of students for each 
course in mathematics.
50. There is no difference between the course grades of students for each 
course in accounting.
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Table 12
Analysis of Covariance for Age (if 25 > years) 
by Grade and Semester GPA for Accounting
Grade Semester GPA
Source dF F dF F
Covariate 1 27.80 1 99.19
Twogrp 1 3.03 1 4.59*
Agegrp 1 0.63 1 3.70
Twogrp by 
Agegrp
1 1.88 1 2.39
Error 359 (1.51) 316 (.25)
Note. Values enclosed in parentheses represent mean square errors. Twogrp = 
experimental or control group. Agegrp = < 25 years or > 25 years.
< .05. **£> < .01.
51. There is no difference between the course grades of students for each 
course in physics.
52. There is no difference between the semester grade point averages of 
students for each course in mathematics.
53. There is no difference between the semester grade point averages of 
students for each course in accounting.
54. There is no difference between the semester grade point averages of 
students for each course in physics.
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Table 13
Analysis of Covariance for Age (if 25 > years)
by Grade and Semester GPA for Physics
Grade Semester GPA
Source dF F dF F
Covariate 1 6.30 1 28.11
Twogrp 1 .18 1 .06
Agegrp 1 1.24 1 8.09**
Twogrp by 
Agegrp
1 .02 1 .01
Error 137 (1.31) 123 (.46)
Note. Values enclosed in parentheses represent mean square errors. Twogrp = 
experimental or control group. Agegrp = < 25 years or > 25 years.
*e<.05. **p < .01.
Results
Mean course grades and semester grade point averages by subject and 
course are presented in Tables 14-16, and ANCOVA results for subject and 
course can be found in Tables 17-19. Significant results were found in 
mathematics for course and either course grade (p < .000) or semester grade 
point average (p < .000). The course with the highest mean course grade was 
Mathematics 2130, Calculus III, with a mean of 2.667. The course with the
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Table 14
Mean Course Grade and Semester Grade Point Average 
by Mathematics Course for Tutoring and Control Groups
Grade (N)
Entire Population 2.147 (648)
Tutoring 1.979(306)
Control 2.297 (342)
Mathematics 0010: Developmental Mathematics 
Tutoring 2.455 (20)
Control 2.748 (25)
Mathematics 1010: Introduction to Mathematics 
Tutoring 2.157 (28)
Control 2.797 (35)
Mathematics 1020: College Algebra with Applications 
Tutoring 1.801 (90)
Control 2.444 (94)
Mathematics 1025: Algebra and Elementary Functions 
Tutoring 1.709(32)
Control 1.672(36)
Note. See Appendix B for course descriptions
Semester GPA (N) 
2.517(605) 
2.507 (287) 
2.525 (318)
2.397(19) 
2.343 (23)
2.620 (25) 
2.781 (32)
2.379 (86) 
2.589 (90)
2.268 (30) 
2.122 (34)
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Table 14 (continued)
Mean Course Grade and Semester Grade Point Average
by Mathematics Course for Tutoring and Control Groups
Mathematics 1030: Calculus with Business Applications
Tutoring 1.770(27) 2.588(24)
Control 2.041 (29) 2.356 (27)
Mathematics 1110: Calculus with Analytic Geometry I
Tutoring 2.071 (56) 2.641 (54)
Control 2.050 (60) 2.533 (56)
Math 1120: Calculus with Analytic Geometry II
Tutoring 1.740(15) 2.672(15)
Control 1.946(22) 2.560(20)
Mathematics 2130: Calculus with Analytic Geometry III
Tutoring 3.250 (4) 2.303 (4)
Control 2.200 (5) 2.950 (5)
Statistics 3810: Statistical Methods I
Tutoring 2.244 (34) 2.595 (30)
Control 2.589(36) 2.698(31)
Note. See Appendix B for course descriptions.
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Table 15
Mean Course Grade and Semester Grade Point Average
by Accounting Course for Tutoring and Control Groups
Grade (N) Semester GPA (N)
Entire Population 2.197(364) 2.702(321)
Tutoring 2.239(175) 2.761 (156)
Control 2.158(189) 2.646(165)
Accounting 2100: Principles of Accounting I
Tutoring 2.130(110) 2.718(99)
Control 2.114(119) 2.622(106)
Accounting 2110: Principles of Accounting II
Tutoring 2.423 (65) 2.836 (57)
Control 2.231 (70) 2.689 (59)
Note. See Appendix B for course descriptions.
lowest mean course grade was Mathematics 1120, Calculus II, with a mean of 
1.819. Students who enrolled in Mathematics 2130 also earned significantly 
higher semester grade point averages, with a mean of 3.107 as compared to the 
semester grade point averages of students enrolled in Mathematics 1025, 
Algebra and Elementary Functions, with a mean of 2.190. No significant results 
were found between accounting or physics courses and grade and semester
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Table 16
Mean Course Grade and Semester Grade Point Average
by Physics Course for Tutoring and Control Groups
Grade (N)
Entire Population 1.989(141)
Tutoring 2.139(62)
Control 1.871 (79)
Physics 1001: Introductory Astronomy I 
Tutoring 2.350 (2)
Control 0.500 (2)
Physics 1002: Introductory Astronomy II 
Tutoring 2.500(2)
Control 3.000 (2)
Physics 1101: Conceptual Physics I
Tutoring 2.150(2)
Control 2.175(4)
Physics 1103: General Physics I
Tutoring 2.060(10)
Control 1.670(13)
Note. See Appendix for course descriptions
Semester GPA (N) 
2.642 (127) 
2.707 (55) 
2.561 (72)
2.430 (2) 
0.735 (2)
2.929 (2) 
2.997 (2)
2.778 (2) 
2.776 (4)
2.824 (7) 
2.601 (12)
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Table 16 (continued)
Mean Course Grade and Semester Grade Point Average
by Physics Course for Tutoring and Control Groups
Physics 1104: General Physics II
Tutoring 2.800 (3) 2.841 (3)
Control 3.000 (3) 2.963 (3)
Physics 1150: Analytical Physics I
Tutoring 2.000(31) 2.544(28)
Control 1.851 (35) 2.511 (32)
Physics 1151: Analytical Physics II
Tutoring 2.160(10) 2.988(9)
Control 1.600(16) 2.596(13)
Physics 2020: Intermediate Physics II
Tutoring 3.000 (2) 3.084 (2)
Control 2.750 (4) 2.909 (4)
Note. See Appendix for course descriptions.
grade point average. These results support the rejection of null hypotheses 49 
and 52, and fail to reject null hypotheses 50, 51, 53, and 54.
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Table 17
Analysis of Covariance for Mathematics Course
by Grade and Semester GPA
Grade Semester GPA
Source dF F dF F
Covariate 1 52.85 2 32.23
Twogrp 1 .07 1 6.53*
Course 8 8.38** 8 3.75**
Twogrp by 
Course
8 1.45 8 .90
Error 629 (1.34) 585 (.42)
Note. Values enclosed in parentheses represent mean square errors. Twogrp = 
experimental or control group.
*E < 05. **p < .01.
Duration and Contacts 
Hypotheses
55. There is no relationship between duration of tutoring and course 
grade in mathematics.
56. There is no relationship between duration of tutoring and course 
grade in accounting.
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Table 18
Analysis of Covariance for Accounting Course
by Grade and Semester GPA
Grade Semester GPA
Source dF F dF F
Covariate 1 26.04 1 96.03
Twogrp 1 1.57 1 6.18*
Course 1 1.45 1 2.64
Twogrp by 
Course
1 .17 1 .00
Error 359 (1.51) 316 (.25)
Note. Values enclosed in parentheses represent mean square errors. Twogrp = 
experimental or control group.
*e<.05. **p < .01.
57. There is no relationship between duration of tutoring and course 
grade in physics.
58. There is no relationship between duration of tutoring and semester 
grade point average in mathematics.
59. There is no relationship between duration of tutoring and semester 
grade point average in accounting.
60. There is no relationship between duration of tutoring and semester
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Table 19
Analysis of Covariance for Physics Course
by Grade and Semester GPA
Grade Semester GPA
Source dF F dF F
Covariate 1 5.32 1 21.74
Twogrp 1 .87 1 .56
Course 7 1.35 7 1.98
Twogrp by 7 .43 7 .72
Course
Error 124 (1.32) 110 (.46)
Note. Values enclosed in parentheses represent mean square errors. Twogrp = 
experimental or control group.
< .05. **p < .01.
grade point average in physics.
61. There is no relationship between number of tutoring contacts and 
course grade in mathematics.
62. There is no relationship between number of tutoring contacts and 
course grade in accounting.
63. There is no relationship between number of tutoring contacts and 
course grade in physics.
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64. There is no relationship between number of tutoring contacts and 
semester grade point average in mathematics.
65. There is no relationship between number of tutoring contacts and 
semester grade point average in accounting.
66. There is no relationship between number of tutoring contacts and 
semester grade point average in physics.
67. There is no relationship between number of tutoring contacts per 
week and course grade in mathematics.
68. There is no relationship between number of tutoring contacts per 
week and course grade in accounting.
69. There is no relationship between number of tutoring contacts per 
week and course grade in physics.
70. There is no relationship between number of tutoring contacts per 
week and semester grade point average in mathematics.
71. There is no relationship between number of tutoring contacts per 
week and semester grade point average in accounting.
72. There is no relationship between number of tutoring contacts per 
week and semester grade point average in physics.
Results
In Table 20 the results of the correlational tests for duration, contacts, 
and contacts per week (cntctwk) are presented. Even though the correlation 
coefficients improved as duration and contacts per week increased, no
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Table 20
Correlation Coefficients for Grade and Semester GPA 
Related to Duration, Contacts, and Contacts per week
Mathematics
Population 
(n = 347}
Duration > 4 
(n = 296}
Cntctwk >1.0 
(n = 183}
Source
Grade GPA Grade GPA Grade GPA
Duration .0816 .0869 .0933 .0814 .1696 .1858
Contacts .0860 .0956 .1032 .1012 .1627 .1731
Cntctwk -.0095 -.0048 .0507 .0494 .0739 .0754
Accounting
Population 
(n = 1941
Duration > 4 
fn = 179}
Cntctwk >1.0 
fn = 85}
Source
Grade GPA Grade GPA Grade GPA
Duration .2771 .2392 .1940 .2004 .2471 .2149
Contacts .0726 .0717 .0078 .0334 .1918 .1540
Cntctwk -.2125 -.1412 -.1358 -.0943 .0121 .0096
Note. Cntctwk = contacts per week. GPA = semester grade point average.
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Table 20 (continued)
Correlation Coefficients for Grade and Semester GPA 
Related to Duration, Contacts, and Contacts per week
Physics
Population Duration > 4  Cntctwk >1.0
fn = 72) fn = 62) (n = 29)
Source
Grade GPA Grade GPA Grade GPA
Duration -.1353 -.0586 -.2318 -.1715 -.2118 -.2193
Contacts -.0766 -.0742 -.1036 -.1200 -.0011 .0267
Cntctwk -.0981 -.0901 -.0505 -.0786 .0633 .1321
Note. Cntctwk = contacts per week. GPA = semester grade point average.
significant relationships were found between the number of tutoring sessions, 
duration of tutoring, and tutoring contacts per week. The results of this research 
fail to reject any of the null hypotheses related to duration, contacts, or contacts 
per week (hypotheses 55 - 72).
Conclusion
Significant results were found for all independent variables except 
duration, contacts, and contacts per week; however, results varied within subject
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areas. This study did not show that tutoring program delivery models impact 
course grade and semester grade point average regardless of subject, gender, 
age, or course. It would be helpful to examine the results for their applicability to 
other tutoring settings and to look at areas for future study. These areas will be 
discussed in Chapter 5.
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CHAPTER 5 
Summary, Conclusions, and Recommendations
This study evaluated the effectiveness of small group tutoring and tutoring 
in labs and examined the effects of the student characteristics of age and gender 
on course grade and semester grade point average in the subject areas of 
mathematics, accounting, and physics. The effect of course was analyzed by 
course grade and semester grade point average. The study also looked at the 
relationship between duration of tutoring, number of tutoring sessions, and 
contacts per week on course grade and semester grade point average in the 
same subject areas. Results from this study were compared to current research 
and examined for their applicability to other tutoring settings, and directions for 
future research were determined.
Conclusions
Statistical results from this study were examined and compared to 
findings from the literature review. Specific characteristics of the tutoring 
program at Appalachian State University that may have influenced the results 
were discussed and applicability of results to other tutoring settings was 
presented.
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Experimental and Control Groups
Statistical results from this study showed significance in four areas, and 
significance areas related to semester grade point average were identified. 
Students who received group tutoring in mathematics earned higher semester 
grade point averages than students who received both forms of tutoring, 
students who received lab tutoring in mathematics earned higher semester 
grade point averages than students who received both forms of tutoring, and 
students who received lab tutoring in accounting earned higher grade point 
averages than students in the lab control group.
No significant results were found relating experimental and control group 
to course grade. This is in contrast to studies by Irwin (1980, 1981) and 
Menges, Marx, and Trumpeter (1972). Although statistical testing was measured 
at a very conservative level (.008), only those significant findings can be 
reported and relied upon with any certainty.
Gender
Females earned significantly higher grades in mathematics and 
accounting, regardless of whether they were tutored or not. Females in the 
physics group earned significantly higher semester grade point averages, 
regardless of whether they were tutored or not. Gender and subject results 
related to tutoring have applicability to other tutoring settings, especially in 
college settings serving mainly males or females. The mathematics grades of 
females who received group tutoring were significantly higher than females in
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the lab tutoring control group. This could also provide a rationale for offering 
both types of program delivery models so students could choose the model that 
best meets their academic, social, and scheduling needs.
Aae (if 25 years or older)
In this study age was not a factor in predicting grades or semester grade 
point averages except in physics where older students earned significantly 
higher grade point averages. The research in this area is contradictory 
(Giordano, 1995; Handler, 1990; Knox, 1986), and the results from this study do 
not establish a pattern of achievement for adult students or younger students. 
Course
Mathematics was the only subject area where the effect of course was 
significant, both for course grade and for semester grade point average.
Students enrolled in Calculus III earned the highest course grades and semester 
grade point averages. Although it would be expected that the brighter students 
would be enrolled in Calculus III, this study controlled for ability with the analysis 
of covariance for course. The results could be attributable to the prerequisite 
skills learned in the Calculus I and Calculus II courses, or professor effect could 
be more pronounced since only a few sections of Calculus III were taught. 
Duration and Contacts
Results from this study showed improvements in course grade and 
semester grade point average as tutoring duration and contacts increased, but 
these results were not significant. This is similar to results found by McGinty
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
76
and Hanson (1991) but in contrast to other studies which found improvements 
that were statistically significant (Menges, Marx, & Trumpeter, 1972; Taylor, 
1969; Watson, 1988). Because only a correlational test was performed, perhaps 
the characteristics and abilities of the students influenced these results.
Recommendations 
There are many other factors relating to tutoring effectiveness that were 
not a part of this study but that could be analyzed. Future study might look more 
closely at additional student characteristics and their effect on achievement. 
Possibilities for future research could include studies measuring the effect of 
math anxiety on tutoring effectiveness, specific prerequisite mathematical skills
i
related to tutoring effectiveness, or student motivation and tutoring effectiveness. 
Future study might focus on factors relating to course grade and semester grade 
point average, such as student involvement in extra-curricular activities or 
semester course load. Other directions for future research could take a different 
approach to measuring the effects of the independent variables in this study: 
experimental and control groups, gender, age, course, duration of tutoring, and 
number of tutoring contacts. All of these studies could contribute to the 
knowledge about what is known about tutoring effectiveness and could 
strengthen program delivery models and assessment.
Further study measuring tutoring effectiveness by experimental group 
could focus on comparing the effectiveness of only one program delivery model
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with no tutoring. This would keep the significance level at .05 or .01, and 
additional areas of significant differences might be identified. Another area of 
future inquiry of the effect of experimental group might examine the 
characteristics and achievement of students who chose to receive both small 
group tutoring or tutoring in labs. Results from this study indicate that these 
students earn lower course grades. Results from future studies could provide 
practitioners with additional information about program delivery models and 
perhaps provide more specific information than is provided in this study.
The small number of students in the physics experimental and control 
groups may have affected the significance of results in this subject area. Future 
inquiry should include more students, either with a longitudinal study from this 
setting or with a meta-analysis from different settings.
Additional work in measuring tutoring effectiveness could focus on why 
the females in this study were so much more successful than the males. Are 
there specific characteristics of these females that enhance their achievement? 
Another research area might be to examine why females who received small 
group tutoring in mathematics earned higher grades than males or non-tutored 
females. Are there unique characteristics of small group tutoring that contribute 
to the achievement of female students?
Further study regarding the achievement of adult students could start with 
a directional hypothesis based on additional research that would predict that 
adult students would achieve lower course grades and semester grade point
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averages. Many of the non-directional hypotheses related to the achievement of 
adult students failed to be rejected, and perhaps a directional hypothesis would 
show more significant results.
Additional research in the area of course effect might examine the 
combination of courses that students take in a semester and how this affects 
semester grade point average. For example, in this study students enrolled in 
Mathematics 1025 earned the lowest semester grade point averages. How 
much did the mathematics course contribute to the semester grade point 
average, or did other courses or course load have more significant effects?
Any future research measuring the effect of tutoring duration and contacts 
should consider students’ abilities and prerequisite skills. Also a more extensive 
review of literature that focused exclusively on the effects of duration and 
contacts might reveal a more consistent trend with regard to specific numbers or 
ratios of duration and contacts that prove most effective.
Summary
This study was started because tutoring programs are wide-spread on 
college campuses, but administrators of these programs need more information 
about program delivery models and tutoring effectiveness to help them 
coordinate and supervise their programs more efficiently. Information was 
provided regarding current research and knowledge and a model was developed 
that could be used by other practitioners in other settings to measure tutoring
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effectiveness. Statistical results and conclusions presented in this study 
contributed to what is known about tutoring effectiveness. The recommendations 
for future research provided tutoring administrators with direction for additional 
study.
The main focus of this study was to determine if small group tutoring was 
more effective than tutoring in labs. The results of this study showed that 
generally any type of tutoring was more effective than no tutoring, but the type of 
tutoring did not always make a difference. These results could make a case for 
offering different types of delivery models for the same subject and trusting 
college students to choose the delivery model that best fits their needs.
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APPENDIX A
Results that were not found to be significant at the .05 level will be 
presented in Appendix A. The null hypotheses will be restated and the level of 
significance found during testing will be presented. Null hypotheses 20, 22, 23, 
27, 37, 38, 42, 48, 49, and 52 were rejected. Data regarding those hypotheses 
are presented in Chapter 4.
1. There is no difference between the course grades of students who 
received small group tutoring or tutoring in labs in mathematics. Results of the 
pairwise comparison for the effect of small group tutoring as compared to 
tutoring in labs on mathematics course grade were .792, not significant at the 
.008 level.
2. There is no difference between the course grades of students who 
received small group tutoring or no tutoring in mathematics. Results of the 
pairwise comparison for the effect of small group tutoring as compared to no 
tutoring on mathematics course grade were .288, not significant at the .008 level.
3. There is no difference between the course grades of students who 
received tutoring in labs or no tutoring in mathematics. Results of the pairwise 
comparison for the effect of tutoring in labs as compared to no tutoring on 
mathematics course grade were .345, not significant at the .008 level.
4. There is no difference between the course grades of students who 
received small group tutoring or both forms of tutoring in mathematics. Results of 
the pairwise comparison for the effect of small group tutoring as compared to
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both forms of tutoring on mathematics course grade were .026, not significant at 
the .008 level.
5. There is no difference between the course grades of students who 
received tutoring in labs or both forms of tutoring in mathematics. Results of the 
pairwise comparison for the effect of tutoring in labs as compared to both forms 
of tutoring on mathematics course grade were .020, not significant at the .008 
level.
6. There is no difference between the course grades of students who 
received both forms of tutoring or no tutoring in mathematics. Results of the 
painwise comparison for the effect of both forms of tutoring as compared to no 
tutoring on mathematics course grade were .197, not significant at the .008 level.
7. There is no difference between the course grades of students who 
received small group tutoring or tutoring in labs in accounting. Results of the 
pairwise comparison for the effect of small group tutoring as compared to 
tutoring in labs on accounting course grade were .019, not significant at the .008 
level.
8. There is no difference between the course grades of students who 
received small group tutoring or no tutoring in accounting. Results of the 
pairwise comparison for the effect of small group tutoring as compared to no 
tutoring on accounting course grade were .382, not significant at the .008 level.
9. There is no difference between the course grades of students who 
received tutoring in labs or no tutoring in accounting. Results of the pairwise
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comparison for the effect of tutoring in labs as compared to no tutoring on 
accounting course grade were .037, not significant at the .008 level.
10. There is no difference between the course grades of students who 
received small group tutoring or both forms of tutoring in accounting. Results of 
the pairwise comparison for the effect of small group tutoring as compared to 
both forms of tutoring on accounting course grade were .934, not significant at 
the .008 level.
11. There is no difference between the course grades of students who 
received tutoring in labs or both forms of tutoring in accounting. Results of the 
pairwise comparison for the effect of tutoring in labs as compared to both forms 
of tutoring on accounting course grade were .063, not significant at the .008 
level.
12. There is no difference between the course grades of students who 
received both forms of tutoring or no tutoring in accounting. Results of the 
pairwise comparison for the effect of both forms of tutoring as compared to no 
tutoring on accounting course grade were .588, not significant at the .008 level.
13. There is no difference between the course grades of students who 
received small group tutoring or tutoring in labs in physics. Results of the 
analysis of covariance to determine the effect of experimental group on physics 
grade were .113, not significant at the .05 level. Since the effect of experimental 
group was not significant, no pairwise comparison was run.
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14. There is no difference between the course grades of students who 
received small group tutoring or no tutoring in physics. Results of the analysis of 
covariance to determine the effect of experimental group on physics grade were 
.113, not significant at the .05 level. Since the effect of experimental group was 
not significant, no pairwise comparison was run.
15. There is no difference between the course grades of students who 
received tutoring in labs or no tutoring in physics. Results of the analysis of 
covariance to determine the effect of experimental group on physics grade were 
.113, not significant at the .05 level. Since the effect of experimental group was 
not significant, no pairwise comparison was run.
16. There is no difference between the course grades of students who 
received small group tutoring or both forms of tutoring in physics. Results of the 
analysis of covariance to determine the effect of experimental group on physics 
grade were .113, not significant at the .05 level. Since the effect of experimental 
group was not significant, no pairwise comparison was run.
17. There is no difference between the course grades of students who 
received tutoring in labs or both forms of tutoring in physics. Results of the 
analysis of covariance to determine the effect of experimental group on physics 
grade were .113, not significant at the .05 level. Since the effect of experimental 
group was not significant, no pairwise comparison was run.
18. There is no difference between the course grades of students who 
received both forms of tutoring or no tutoring in physics. Results of the analysis
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of covariance to determine the effect of experimental group on physics grade 
were .113, not significant at the .05 level. Since the effect of experimental group 
was not significant, no pairwise comparison was run.
19. There is no difference between the semester grade point averages of 
students who received small group tutoring or tutoring in labs in mathematics. 
Results of the pairwise comparison for the effect of small group tutoring as 
compared to tutoring in labs in mathematics on semester grade point average 
were .405, not significant at the .008 level.
21. There is no difference between the semester grade point averages of 
students who received tutoring in labs or no tutoring in mathematics. Results of 
the pairwise comparison for the effect of tutoring in labs as compared to no 
tutoring in mathematics on semester grade point average were .901, not 
significant at the .008 level.
24. There is no difference between the semester grade point averages of 
students who received both forms of tutoring or no tutoring in mathematics. 
Results of the pairwise comparison for the effect of both forms of tutoring as 
compared to no tutoring in mathematics on semester grade point average were 
.336, not significant at the .008 level.
25. There is no difference between the semester grade point averages of 
students who received small group tutoring or tutoring in labs in accounting. 
Results of the pain/vise comparison for the effect of small group tutoring as
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compared to tutoring in labs in accounting on semester grade point average 
were .012, not significant at the .008 level.
26. There is no difference between the semester grade point averages of 
students who received small group tutoring or no tutoring in accounting. Results 
of the pairwise comparison for the effect of small group tutoring as compared to 
no tutoring in accounting on semester grade point average were .563, not 
significant at the .008 level.
28. There is no difference between the semester grade point averages of 
students who received small group tutoring or both forms of tutoring in 
accounting. Results of the pairwise comparison for the effect of small group 
tutoring as compared both forms of tutoring in accounting on semester grade 
point average were .207, not significant at the .008 level.
29. There is no difference between the semester grade point averages of 
students who received tutoring in labs or both forms of tutoring in accounting. 
Results of the pairwise comparison for the effect of tutoring in labs as compared 
to both forms of tutoring in accounting on semester grade point average were 
.799, not significant at the .008 level.
30. There is no difference between the semester grade point averages of 
students who received both forms of tutoring or no tutoring in accounting.
Results of the pairwise comparison for the effect of both forms of tutoring as 
compared to no tutoring in accounting on semester grade point average were 
.037, not significant at the .008 level.
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31. There is no difference between the semester grade point averages of 
students who received small group tutoring or tutoring in labs in physics. Results 
of the analysis of covariance to determine the effect of experimental group in 
physics on semester grade point average were .348, not significant at the .05 
level. Because the effect of experimental group was not significant, no pairwise 
comparison was run.
32. There is no difference between the semester grade point averages of 
students who received small group tutoring or no tutoring in physics. Results of 
the analysis of covariance to determine the effect of experimental group in 
physics on semester grade point average were .348, not significant at the .05 
level. Because the effect of experimental group was not significant, no pairwise 
comparison was run.
33. There is no difference between the semester grade point averages of 
students who received tutoring in labs or no tutoring in physics. Results of the 
analysis of covariance to determine the effect of experimental group in physics 
on semester grade point average were .348, not significant at the .05 level. 
Because the effect of experimental group was not significant, no pairwise 
comparison was run.
34. There is no difference between the semester grade point averages of 
students who received small group tutoring or both forms of tutoring in physics. 
Results of the analysis of covariance to determine the effect of experimental 
group in physics on semester grade point average were .348, not significant at
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the .05 level. Because the effect of experimental group was not significant, no 
pairwise comparison was run.
35. There is no difference between the semester grade point averages of 
students who received tutoring in labs or both forms of tutoring in physics. 
Results of the analysis of covariance to determine the effect of experimental 
group in physics on semester grade point average were .348, not significant at 
the .05 level. Because the effect of experimental group was not significant, no 
pairwise comparison was run.
36. There is no difference between the semester grade point averages of 
students who received both forms of tutoring or no tutoring in physics. Results of 
the analysis of covariance to determine the effect of experimental group in 
physics on semester grade point average were .348, not significant at the .05 
level. Because the effect of experimental group was not significant, no pairwise 
comparison was run.
39. There is no relationship between gender and the course grades of 
students in physics. Results of the analysis of covariance to determine the effect 
of gender and course grade in physics were .687, not significant at the .05 level.
40. There is no relationship between gender and the semester grade 
point averages of students in mathematics. Results of the analysis of covariance 
to determine the effect of gender and semester grade point average in 
mathematics were .224, not significant at the .05 level.
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41. There is no relationship between gender and the semester grade 
point averages of students in accounting. Results of the analysis of covariance 
to determine the effect of gender and semester grade point average in 
accounting were .349, not significant at the .05 level.
43. There is no difference between the course grades of adult students as 
compared to the course grades of younger students in mathematics. Results of 
the analysis of covariance to determine the effect of age and course grades in 
mathematics were .730, not significant at the .05 level.
44. There is no difference between the course grades of adult students as 
compared to the course grades of younger students in accounting. Results of the 
analysis of covariance to determine the effect of age and course grades in 
accounting were .427, not significant at the .05 level.
45. There is no difference between the course grades of adult students as 
compared to the course grades of younger students in physics. Results of the 
analysis of covariance to determine the effect of age and course grades in 
physics were .268, not significant at the .05 level.
46. There is no difference between the semester grade point averages of 
adult students as compared to the semester grade point averages of younger 
students in mathematics. Results of the analysis of covariance to determine the 
effect of age and semester grade point average in mathematics were .301, not 
significant at the .05 level.
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47. There is no difference between the semester grade point averages of 
adult students as compared to the semester grade point averages of younger 
students in accounting. Results of the analysis of covariance to determine the 
effect of age and semester grade point average in accounting were .055, not 
significant at the .05 level.
50. There is no difference between the course grades of students for each 
course in accounting. Results of the analysis of covariance to determine the 
effect of course and course grade in accounting were .230, not significant at the 
.05 level.
51. There is no difference between the course grades of students for each 
course in physics. Results of the analysis of covariance to determine the effect 
of course and course grade in physics were .235, not significant at the .05 level.
53. There is no difference between the semester grade point averages of 
students for each course in accounting. Results of the analysis of covariance to 
determine the effect of course and semester grade point average in accounting 
were .105, not significant at the .05 level.
54. There is no difference between the semester grade point averages of 
students for each course in physics. Results of the analysis of covariance to 
determine the effect of course and semester grade point average in physics 
were .064, not significant at the .05 level.
55. There is no relationship between duration of tutoring and course 
grade in mathematics. Results of the tests of correlation between duration of
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tutoring and course grade in mathematics found a low correlation coefficient of 
.1696.
56. There is no relationship between duration of tutoring and course 
grade in accounting. Results of the tests of correlation between duration of 
tutoring and course grade in accounting found a low correlation coefficient of 
.2471.
57. There is no relationship between duration of tutoring and course 
grade in physics. Results of the tests of correlation between duration of tutoring 
and course grade in physics found a low negative correlation coefficient of 
-.2118.
58. There is no relationship between duration of tutoring and semester 
grade point average in mathematics. Results of the tests of correlation between 
duration of tutoring and semester grade point average in mathematics found a 
low correlation coefficient of .1858.
59. There is no relationship between duration of tutoring and semester 
grade point average in accounting. Results of the tests of correlation between 
duration of tutoring and semester grade point average in accounting found a low 
correlation coefficient of .2149.
60. There is no relationship between duration of tutoring and semester 
grade point average in physics. Results of the tests of correlation between 
duration of tutoring and semester grade point average in physics found a low 
negative correlation coefficient of -.0011.
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61. There is no relationship between number of tutoring contacts and 
course grade in mathematics. Results of the tests of correlation between number 
of tutoring contacts and course grade in mathematics found a low correlation 
coefficient of .1627.
62. There is no relationship between number of tutoring contacts and 
course grade in accounting. Results of the tests of correlation between number 
of tutoring contacts and course grade in accounting found a low correlation 
coefficient of .1918.
63. There is no relationship between number of tutoring contacts and 
course grade in physics. Results of the tests of correlation between number of 
tutoring contacts and course grade in physics found a low correlation coefficient 
of .0633.
64. There is no relationship between number of tutoring contacts and 
semester grade point average in mathematics. Results of the tests of correlation 
between number of tutoring contacts and semester grade point average in 
mathematics found a low correlation coefficient o f . 1731.
65. There is no relationship between number of tutoring contacts and 
semester grade point average in accounting. Results of the tests of correlation 
between number of tutoring contacts and semester grade point average in 
accounting found a low correlation coefficient of .1540.
66. There is no relationship between number of tutoring contacts and 
semester grade point average in physics. Results of the tests of correlation
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between number of tutoring contacts and semester grade point average in 
physics found a low negative correlation coefficient of -.2193.
67. There is no relationship between number of tutoring contacts per 
week and course grade in mathematics. Results of the tests of correlation 
between number of tutoring contacts per week and course grade in mathematics 
found a low correlation coefficient of .0739.
68. There is no relationship between number of tutoring contacts per 
week and course grade in accounting. Results of the tests of correlation between 
number of tutoring contacts per week and course grade in accounting found a 
low correlation coefficient of .0121.
69. There is no relationship between number of tutoring contacts per 
week and course grade in physics. Results of the tests of correlation between 
number of tutoring contacts per week and course grade in physics found a low 
correlation coefficient of .0267.
70. There is no relationship between number of tutoring contacts per 
week and semester grade point average in mathematics. Results of the tests of 
correlation between number of tutoring contacts per week and semester grade 
point average in mathematics found a low correlation coefficient of .0754.
71. There is no relationship between number of tutoring contacts per 
week and semester grade point average in accounting. Results of the tests of 
correlation between number of tutoring contacts per week and semester grade 
point average in accounting found a low correlation coefficient of .0096.
72. There is no relationship between number of tutoring contacts per
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week and semester grade point average in physics. Results of the tests of 
correlation between number of tutoring contacts per week and semester grade 
point average in physics found a low correlation coefficient of .1321.
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APPENDIX B
Mathematics Course Descriptions (General Bulletin, 1995, pp. 191-193).
0010. Developmental Mathematics / (31. This course is intended 
for those persons who have had previous exposure to Algebra but who 
still have deficiencies and are not prepared for MAT 1010 or MAT 1020.
It is mandatory for students whose scores on the mathematics placement 
test indicated a deficiency. The course content is elementary algebra. 
Self-development and study skills are emphasized. The course meets 
five days per week, and counts as three hours credit toward course load 
and full-time student eligibility, but does not count toward hours required 
for graduation.
1010. College Algebra with Applications / (4). This course is an 
introduction to mathematical problem solving for the non-technical liberal 
arts student. Emphasis is on the development of conceptual 
understanding rather than on computational drill. Using appropriate 
computational tools including computers is fundamental to the course. 
Problems are chosen from management sciences, statistics, and 
geometric and numerical patterns. Lecture three hours, laboratory two 
hours. Not open to students with credit for MAT 1020, 1025, 1030, and 
1110. Prerequisite: must pass the placement test or MAT 0010. (Must 
also pass the English Placement Test or ENG 0900).
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1020. College Algebra with Applications / (4). A study of the 
algebraic concepts and their applications. Topics include algebraic 
relations and functions, equations, exponents and logarithms, 
inequalities, linear programming, and elementary probability. Problem 
solving will be emphasized throughout. Not open to students who have 
credit for MAT 1025,1030, or 1110. Not appropriate preparation for MAT 
1110. Prerequisite: must pass placement test or MAT 0010.
1025. Algebra and Elementary Functions / (A). An overview of 
algebraic concepts and a thorough treatment of functions such as 
rational, logarithmic, exponential, and trigonometric. Included will be a 
rigorous treatment of analytic geometry. Recommended for students with 
less than four units of high school mathematics who plan to take MAT 
1110. Students may not receive credit for MAT 1020 after receiving credit 
for MAT 1110. Prerequisite: must pass placement test or MAT 0010.
1030. Calculus With Business Applications / (4). An introduction to the 
concepts of differentiation and integration with particular emphasis upon 
their applications to solving problems that arise in business and 
economics. This course is designed primarily for business and 
economics majors and is not open to mathematics majors or students with 
credit for MAT 1110. Prerequisite: MAT 1020 or MAT 1025 or equivalent. 
1110. Calculus With Analytic Geometry I /  (4). A study of limits, 
continuity, differentiation, applications of the derivative, the differential,
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the definite integral, the fundamental theorem, and applications of the 
definite integral. Prerequisite: MAT 1025 (with a grade of C- or higher) or 
equivalent.
1120. Calculus With Analytic Geometry II / 14). A study of the 
logarithmic and exponential functions, circular functions and their 
inverses, techniques of integration, improper integrals, infinite series, 
Taylor polynomial and power series. Prerequisite: MAT 1110 (with a 
grade of C- or higher).
2130. Calculus With Analytic Geometry III / (4). A study of parametric 
equations, vectors, vector-valued functions, function of several 
variables, double and triple integrals, and vector analysis. Prerequisite: 
MAT 1120 (with a grade of C- of higher).
3810. Statistical Methods I / (31 A study of statistical problem 
solving and methodology including organization and presentation of data, 
probability, statistical distributions, confidence intervals and hypothesis 
testing. Emphasis will be on conceptual understanding, computational 
procedures and interpretation of results rather than theoretical 
development. Prerequisite: MAT 1010 or equivalent.
Accounting Course Descriptions (General Bulletin, 1995, p.252).
2100. Principles of Accounting I / (31 The initial course in the theory and 
practice of financial accounting. Topics emphasized include the
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preparation, reporting, and analysis of financial data. Prerequisite: 
sophomore standing.
2110. Principles of Accounting II. / (3V A course dealing with the 
concepts and development of accounting data for decision making.
Topics emphasized include manufacturing cost systems, cost-volume- 
profit analysis, and budgeting concepts. Prerequisite: ACC 2100 with a 
minimum grade of C.
Physics Course Descriptions (General Bulletin, 1995, pp. 210-211).
1001. Introductory Astronomy I - The Solar System / (4). Topics to
be covered include constellations, telescopes, the sun and moon, planets, 
asteroids, comets, the origin of the solar system and the search for extra­
terrestrial life. The laboratory includes visual observations and 
photography as well as a field trip to Appalachian’s Dark Sky 
Observatory. Lecture three hours, laboratory two hours.
1002. Introductory Astronomy II - Stars and Galaxies / (4L A study
of astronomical objects located beyond our solar system. Topics to be 
covered include the structure and evolution of the stars, pulsars, black 
holes, gaseous nebulae, star clusters, galaxies, quasars and the structure 
of evolution of the Universe. Night observations of these types of objects 
will be made. Lecture three hours, laboratory two hours. Prerequisite: 
AST 1001.
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1101. Conceptual Physics I / (4). An introductory survey of ideas of 
mechanics, electricity, magnetism, relativity and quantum physics. 
Lecture three hours, laboratory two hours. Prerequisite: MAT 1010 or 
1020 or 1025.
1103 -1104. General Physics / (4-4). A study of the basic principles of 
physics including mechanics, thermodynamics, sound, electricity and 
magnetism, optics and modern physics. Corequisite for PHY 1103: MAT 
1020 or MAT 1025 or equivalent. Lecture three hours, laboratory two 
hours.
1150 -1151. Analytical Physics / (5-5). An analytical and quantitative 
treatment of physics at a somewhat more advanced level than the 1103-
1104 sequence. Intended primarily for students majoring in the 
natural sciences, mathematical sciences and pre-engineering. Topics 
covered include mechanics, heat, light, sound, electricity, magnetism and 
quantum phenomena. Corequisite: For PHY 1150: MAT 1110; For PHY
1151: MAT 1120. Lecture four hours, laboratory three hours.
2020. Intermediate Physics II / (4). A study of basic formulations and 
concepts in classical physics, especially mechanics, static and 
dynamic electricity and magnetism, but also heat, light, sound and 
modern physics. Calculus, vector methods and computer techniques are 
used. Intended primarily for students majoring or minoring in physics. 
Prerequisites: PHY 2020: MAT 2130. Lecture four hours.
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